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Two-dimensional transition metal dichalcogenide (TMD) semiconductors provide a unique pos-
sibility to access the electronic valley degree of freedom using polarized light, opening the way to
valley information transfer between distant systems. Excitons with a well-defined valley index (or
valley pseudospin) as well as superpositions of the exciton valley states can be created with light
having circular and linear polarization, respectively. However, the generated excitons have short
lifetimes (ps) and are also subject to the electron-hole exchange interaction leading to fast relax-
ation of the valley pseudospin and coherence. Here we show that control of these processes can be
gained by embedding a monolayer of WSe2 in an optical microcavity, where part-light-part-matter
exciton-polaritons are formed in the strong light-matter coupling regime. We demonstrate the opti-
cal initialization of the valley coherent polariton populations, exhibiting luminescence with a linear
polarization degree up to 3 times higher than that of the excitons. We further control the evolution
of the polariton valley coherence using a Faraday magnetic field to rotate the valley pseudospin by
an angle defined by the exciton-cavity-mode detuning, which exceeds the rotation angle in the bare
exciton. This work provides unique insight into the decoherence mechanisms in TMDs and demon-
strates the potential for engineering the valley pseudospin dynamics in monolayer semiconductors
embedded in photonic structures.
In monolayers of semiconducting transition metal
dichalcogenides (TMD) inversion symmetry breaking,
strong spin-orbit coupling and time reversal symmetry
lead to the locking of the electronic spin orientation to
the specific valley, K or K ′, at the edge of the Brillouin
zone [1–3]. This observation has led to renewed interest
in valleytronics with proposals to use monolayers of semi-
conducting TMDs for encoding information in their elec-
tronic valley degree of freedom, similar to the approach
adopted for spins in spintronics. As with the formalism
used for spins, the evolution of the pseudospin can be
depicted on a Bloch sphere [1, 2, 4], as shown in Fig. 1a,
where the poles correspond to states |K〉 and |K ′〉 with
a well defined valley index, and the equatorial plane cor-
responds to a linear superposition of these states.
It has been expected that owing to the large spin-orbit
splittings in TMDs, the valley pseudospin will be robust
against intervalley scattering [1, 2]. Indeed, optical ini-
tialization of the valley states (|K〉 and |K ′〉) by circularly
polarized light has been widely observed for excitons in
TMDs such as MoS2, WS2 and WSe2 [2, 5–8] as well as
for exciton-polaritons in MoSe2 and MoS2 embedded in
optical cavities [1, 9, 11, 12]. In addition, retention of lin-
ear polarization has been reported in WSe2 and WS2, in-
dicating optical initialization of a superposition of valley
states |X〉 = 1√
2
(|K〉 + |K ′〉) [4, 7, 13–17] (see Fig. 1a).
However, the lifetime of such exciton valley coherence
has been estimated to be a few hundred femtoseconds,
limiting the coherent manipulation of the valley pseu-
dospin [4, 15–17]. The dephasing has been linked to the
effect of the excitonic longitudinal-transverse (LT) split-
ting [4, 15–17], arising from the electron-hole exchange
interaction [18, 19], which can be viewed as an effective
magnetic field that acts on the exciton valley pseudospin.
This splitting reaches a few meV and is proportional to
the magnitude of the exciton momentum k, thus strongly
affecting excitons generated in high energy states by non-
resonant optical excitation. The scattering of the exciton
k-vector due to disorder creates a randomly varying effec-
tive magnetic field leading to random pseudospin preces-
sion and associated valley depolarization, and is known
as the Maialle–Silva–Sham (MSS) mechanism [20]. An-
other factor limiting the ability to manipulate the valley
coherence is the short exciton lifetime (1-2 ps)[4, 15–17],
which in principle can be overcome by using the valley
index of electrons or holes, with the disadvantage of re-
duced optical control [21, 22].
Recently, an alternative approach enabling new ways
to control the valley pseudospin has emerged in experi-
ments on monolayer MoSe2 and MoS2 embedded in op-
tical microcavities [1, 9, 11, 12], where part-light-part-
matter exciton-polaritons are formed due to the strong
coupling of the cavity mode and excitons with k ≈ 0. The
polaritons exhibit a modified energy spectrum with upper
and lower polariton branches split by a few tens of meV
(see Fig. 2) and are significantly less sensitive to disorder
compared with the excitons. Both effects lead to modi-
fied valley pseudospin dynamics resulting in an increase
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FIG. 1. Valley coherence in WSe2 excitons. a Bloch
sphere representation of the valley pseudospin vector. Valley
polarized states (|K〉 and |K′〉) lie on the poles of the sphere
while valley coherence is represented by a Bloch vector ori-
ented on the equator. The application of a Faraday field leads
to precession of the pseudospin vector around the equator due
to the valley Zeeman effect, evolving from a position ΨB=0 to
ΨB>0. b Polarization resolved spectra under linear vertical
excitation. Retention of injected valley coherence is present
for the neutral exciton X0 with a polarization degree of 15%.
c Rotation of the linear polarization vector around the equa-
torial plane through the application of Faraday fields of 8 T,
0 T and −8 T respectively. The black arrow indicates the
injected linear polarization. d The linear polarization an-
gle (θ) as a function of applied field. The fit corresponds to
θ = arctan (ΩBT2)/2 where ΩB is the precession frequency
given by ΩB = gµBB/h¯ and T2 is the coherence time. The
fit corresponds to T2 = 0.52± 0.05 ps.
in retention of valley polarization in the polariton states
[1, 9, 11, 12]. In high-finesse tunable microcavities, as in
the present work, additional control of the valley pseu-
dospin dynamics can be gained by modifying the cavity-
exciton energy detuning, which changes the exciton and
photon fractions of the polariton states, thus influencing
the polariton radiative and valley depolarization times as
well as exciton energy relaxation [1].
Here we show that by embedding WSe2 in an opti-
cal cavity in the strong light-matter coupling regime we
can access valley coherent exciton-polariton populations
and control their dynamics by varying the exciton-cavity-
mode detuning and applied magnetic field. These quasi-
particles are composed of excitons in a coherent linear
superposition of valley states which are in a further su-
perposition of exciton and photon states. We demon-
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FIG. 2. Strong exciton-photon coupling in WSe2
monolayers. a Schematic of a WSe2 monolayer placed in an
open hemispherical microcavity. b Photoluminescence spec-
tra measured as the cavity mode is scanned across the exciton
resonance. The graph shows formation of the lower and upper
polariton branches, LPB and UPB, respectively. c Extracted
polariton peak positions as a function of the exciton-photon
detuning (∆ = Ec−EX0), where Ec and EX0 are the tunable
cavity and exciton energies. The green (blue) symbols show
spectral positions of the UPB (LPB) peaks. The red lines
correspond to a coupled oscillator model fit with a Rabi split-
ting of 26.2±0.1 meV. d Spectra corresponding to tuning the
ground state mode through the trion energy demonstrating
weak coupling between the cavity and trion.
strate that strong suppression of valley dephasing can
be achieved for polaritons resulting in a threefold en-
hancement of linear polarization degree observed for the
upper polariton branch (UPB). On the other hand, the
lower polariton branch (LPB) shows a linear polariza-
tion degree that is strongly dependent on the exciton-
photon detuning. A dynamical model, incorporating
cavity-modified exciton relaxation, detuning-dependent
polariton lifetimes as well as disorder scattering in the
presence of the excitonic LT-splitting, reproduces the
3exciton-cavity detuning dependence of the linear polar-
ization degree. The model and experiments confirm the
exciton LT-splitting as the dominant mechanism for ex-
citon dephasing. We then demonstrate coherent manip-
ulation of the polariton valley pseudospin through the
application of a magnetic field in the Faraday geometry,
which induces precession of the valley pseudospin around
the equator of the Bloch sphere due to the valley Zeeman
effect. This rotation of the valley pseudospin vector for
the LPB is up to 3 times larger than the bare exciton and
can be accurately varied through selection of the exciton-
photon detuning where the final linear polarization angle
is determined by the amount of pseudospin precession
of high k-vector reservoir excitons during relaxation and
and the smaller pseudospin precession of polariton states
before radiative decay. The generation and control of
valley coherence in WSe2 exciton-polaritons creates new
opportunities for manipulation of the valley pseudospin
in TMD monolayers embedded in optical cavities. This
work also opens the way to unexplored non-linear polari-
ton phenomena utilizing the valley degree of freedom in
TMDs in polariton condensates, the optical spin Hall ef-
fect, optical spin switching and polarization bistabilities
[23].
RESULTS
The WSe2 sample consists of a single monolayer placed
at the surface of a planar distributed Bragg reflector
(DBR). An optical image of the flake is shown in Sup-
plementary Fig. S1. Characterization of the sample was
performed under non-resonant excitation at 1.946 eV at
4.2 K and spectra are shown in Fig. 1b. Features as-
sociated with a neutral exciton (X0) and charged exci-
ton (X−) can be identified along with a large band of
localized emitters (LEs) at lower energy. Under linear
vertical excitation (Fig. 1b) the exciton resonance shows
retention of linear polarization with a polarization de-
gree of around 15%, indicating the optical initialization
of a coherent superposition of valleys. The lack of lin-
ear retention for the trion peak has been attributed to
the trion fine structure which leads to rapid dephasing of
trion coherence [13]. In this sample, a small negative po-
larization degree of −2% is observed for the trion and is
not attributed to valley coherence. Clear retention of val-
ley polarization under circular excitation is also present
for both excitonic species with a circular polarization de-
gree of around 30% and 50% for the exciton and trion
respectively as shown in Supplementary Fig. S2.
In order to demonstrate control of the valley coherent
exciton states we apply a magnetic field in the Faraday
geometry [4, 16]. This lifts the degeneracy of the ex-
citon valley states |K〉 and |K ′〉 due to the valley Zee-
man effect in WSe2[24, 25], with the splitting given by
h¯ΩB = gµBB. Here, g is the exciton g-factor, mea-
sured to be 1.7 for this sample (see Supplementary Fig.
S3). After initialization, the linear valley superposition
state will evolve with time asy |X〉 = 1√
2
(|K〉 e−iΩBt/2 +
|K ′〉 eiΩBt/2). As such, after a certain time the exci-
ton ensemble state will evolve to a new position on the
equator of the Bloch sphere with a corresponding rota-
tion of the linear polarization angle. Fig. 1c shows the
photoluminescence (PL) intensity as a function of lin-
ear polarization angle for applied fields of −8 T, 0 T
and +8 T under vertical linear excitation, where clear
rotation of the valley coherent pseudospin in PL can be
seen. The extracted rotation angle as a function of mag-
netic field is shown in Fig. 1d. The fit corresponds to
θ = arctan(ΩBT2)/2 where T2 is the fitted coherence
time, defined as 1/T2 = 1/2T1 + 1/T
∗
2 where T1 and T
∗
2
are the state lifetime and pure dephasing times respec-
tively. T2 is extracted to be 0.52 ± 0.05 ps, consistent
with previous reports [4, 15, 16].
The tunable optical microcavity is formed by introduc-
ing a top concave DBR into the optical path using piezo
nanopositioners and bringing the two mirrors to a total
optical cavity length of around 2.5 µm. A schematic dia-
gram with embedded monolayer is shown in Fig. 2a. The
formed microcavity is hemispherical and supports zero-
dimensional Laguerre-Gaussian modes. In this work only
the coupling with the ground state longitudinal mode
is discussed. By changing the top and bottom mirror
separation, the cavity resonance can be scanned across
the exciton resonance. In this experiment we observe
a characteristic anti-crossing signifying the formation of
exciton-polariton branches, as shown in Fig. 2b for the
longitudinal mode. Fitting the peak positions with a cou-
pled oscillator model yields a Rabi splitting of 26.2± 0.1
meV (Fig. 2c). Due to the low intrinsic electron doping
present in the sample, weak coupling is observed between
the trion and cavity [1, 26, 27], as shown in Fig. 2d.
To probe retention of valley coherence in the polari-
tonic system we excite non-resonantly at 1.946 eV with
linearly polarized light at zero exciton-cavity-mode de-
tuning. Fig. 3a shows the polarization resolved spectra
co- and cross-polarized to excitation. It is clear that both
the LPB and UPB show retention of the linear polariza-
tion and hence valley coherence. Interestingly, the UPB
shows a much larger degree of polarization of around 40%
in contrast to the LPB value of around 15%, which is
comparable to the bare exciton.
In-situ tunability of the cavity mode energy allows the
degree of linear polarization to be probed as a function
of exciton-photon detuning ∆ = Ec−EX0 , where Ec and
EX0 are the cavity and exciton energies respectively. The
result is plotted in Fig. 3b. At large negative detuning
the LPB polarization degree is close to zero and increases
as the exciton resonance is approached. The maximum
polarization degree of around 15% is measured when the
LPB is highly excitonic and the value reflects the bare
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FIG. 3. Valley coherence of exciton-polaritons in WSe2. a Polarization resolved spectra under vertical linear excitation
showing clear retention of injected valley coherence in the polariton branches. b Linear polarization degree as a function of
exciton-photon detuning under vertically linearly polarized excitation for both the LPB (blue) and UPB (green). c,d,e Angular
dependent intensity polar plots for vertical (c), diagonal (d) and horizontal (e) excitation (black arrows) at zero exciton-photon
detuning. The data for LPB (UPB) are shown with blue (green) symbols.
exciton polarization degree. In contrast, the UPB shows
up to a 3 times enhancement in polarization degree rela-
tive to the bare flake. Moreover, an increase in the UPB
polarization degree of around 10% is observed as the de-
tuning is changed from −10 meV to +25 meV. In order
to confirm that the valley coherence is inherited from the
non-resonant excitation we rotate the orientation of the
linearly polarized pump and record the angular depen-
dent intensity in collection. The resultant polar plots
are shown in Fig. 3c, d and e for vertical, diagonal and
horizontal excitation respectively. Clear retention of the
injected valley coherence is demonstrated. Strong reten-
tion of valley polarization is also observed under circu-
larly polarized excitation and detection as shown in Sup-
plementary Fig. S4.
To demonstrate control of the valley coherent polari-
ton population we apply a magnetic field in the Faraday
geometry as discussed previously for the exciton. Fig. 4a
and b show the polariton PL as a function of polarization
angle under vertical excitation and at exciton-photon de-
tunings of −8 meV and +23 meV respectively for an ap-
plied magnetic field of B = 8 T. It is clear from the plots
that the induced rotation of the LPB is much larger than
that of the UPB, the latter comparable to the bare exci-
ton rotation. In order to probe the effect of the exciton-
photon detuning we plot the rotation angle of the LPB
and UPB at a fixed field of B = 8 T and sweep the detun-
ing from −10 meV to +25 meV. The resultant rotation
angles are plotted in Fig. 4c where a clear increase in the
rotation angle is present for increasing negative detun-
ing. Significantly, the LPB rotation approaches 50◦ at
−10 meV, a factor of almost 3 times larger than the bare
exciton. At detunings below −10 meV the weak coupling
of the LPB to the trion resonance masks the probing of
the coherent rotation due to the small orthogonal po-
larization degree of the bare trion resonance, which is
emitted by the near-resonant LPB as shown in Supple-
mentary Fig. S5. Significantly, the controlled selection
of the exciton-photon detuning allows the arbitrary se-
lection of the degree of rotation of the polarization plane
for a given field, introducing a new degree of control of
the valley pseudospin. While magnetic fields have been
used in this work, optical pulses as used in [17] could be
combined with a selected exciton-photon detuning to al-
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FIG. 4. Control of the exciton-polariton valley pseu-
dospin vector in a Faraday magnetic field. a,b Polari-
ton intensity as a function of the varied polarization angle in
detection under vertically linearly polarized excitation and a
Faraday field of B = 8 T for detunings of a ∆ = −8 meV
and b ∆ = +23 meV. The black arrows indicate the injected
valley coherence (polarization of the excitation laser). c The
polarization rotation angle in polariton PL as a function of
the exciton-photon detuning at B = 8 T. The data for LPB
(UPB) are shown in blue (green).
low enhanced and high speed rotation of the valley pseu-
dospin vector.
To describe the system and the resultant valley co-
herent polariton population we consider the dynamical
relaxation processes outlined in Fig. 5a where initially
we have no applied external magnetic field. We optically
excite valley coherent carriers which scatter to form high
in-plane wavevector (k-vector) excitons at the pump en-
ergy of 1.946 eV which relax quickly along the exciton
dispersion due to phonon scattering to low k-vectors.
Here, these reservoir excitons are influenced by the ef-
fective spin-orbit coupling which arises from the exciton
LT-splitting and results in an effective magnetic field act-
ing on the valley pseudospin [18–20, 28]. The magnitude
and direction of the effective field depends on the exciton
propagation direction [18–20, 28, 29]. Scattering of these
excitons due to disorder creates a randomly varying field
which leads to random valley pseudospin precession and
the associated loss of the valley coherence [4, 15–17]. Be-
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FIG. 5. Theoretical model for relaxation of valley
coherent excitons and polaritons. a Dispersion of po-
lariton and LT-split exciton states (L-X0, T-X0) showing the
theoretical model of valley coherent exciton relaxation where
dashed and dotted lines indicate relaxation pathways of ex-
citons with WUPB and WLPB describing the corresponding
relaxation rates. b Simulated linear polarization degree of
the polariton branches as a function of detuning. c Simu-
lated rotation angle of the linear polarization in the polariton
branches with an applied Faraday magnetic field of 8 T as a
function of the exciton-photon detuning. The data for LPB
(UPB) are shown in blue (green).
cause of this dephasing process, determined by the LT
splitting and disorder, both the degree of linear polariza-
tion and the rotation angle observed in the polariton lu-
minescence are dependent on the time the excitons spend
in the reservoir. The polarization degree is higher for ex-
citons relaxing to the polariton states quickly, while the
rotation angle is higher in the polariton states populated
by excitons which spend more time in the reservoir.
The UPB is populated through direct disorder scatter-
ing of excitons which are degenerate with the polariton
branch due to the parabolic exciton dispersion. The LPB
is populated by relaxation of excitons from the bottom
of the exciton reservoir. This scattering rate is strongly
dependent on the exciton-photon detuning where at large
negative detunings the scattering is strongly suppressed
due to the large energy mismatch. This leads to accumu-
lation of excitons in the reservoir, and their slow relax-
ation to the LPB. Once relaxed to the polariton branches,
radiative decay occurs due to the polariton photonic com-
ponent where the linear polarization degree quantifies the
level of preservation of coherence during the relaxation
6process. The derived rate equations can be found in Sup-
plementary Note 1.
Fig. 5b shows the simulated linear polarization degree
as a function of detuning in the absence of an applied
magnetic field as measured experimentally in Fig. 3b. A
full list of used parameters can be found in Supplemen-
tary Note 1. Both polariton branches exhibit the exper-
imentally observed increase in linear polarization degree
when moving towards positive detuning. The qualitative
dependence for the LPB is explained by the enhance-
ment of the coupling of the exciton reservoir with the
LPB. The exciton scattering rate into the LPB states in-
creases with positive detuning because of their increased
exciton fraction. Thus, the excitons populating these
LPB states spend less time in the reservoir, and there-
fore have a shorter time to lose their polarization degree.
The UPB, because of the resonant coupling to high k-
vector excitons, directly probes the linear polarization
degree of the reservoir states. The higher the energy
probed, the higher the polarization degree, because loss
of polarization degree accompanies the energy relaxation
of the excitons. In addition, as the photonic fraction of
the UPB increases the net scattering rate from the ex-
citon reservoir to the UPB increases as well, since the
higher photonic fraction ensures that UPB polaritons ra-
diatively decay, this inhibits scattering back to the ex-
citon reservoir where strong depolarization occurs, and
hence a higher polarization degree is expected.
Next, we consider the application of a Faraday field,
which leads to precession of the pseudospin in both reser-
voir excitons and polaritons (details can be found in Sup-
plementary Note 1). Fig. 5c shows the simulated rotation
angle of the linear polarization plane under the effect of
an applied magnetic field of B = 8 T. As observed ex-
perimentally, both branches exhibit a decrease in rotation
angle with increasing detuning, and the rotation of the
UPB is always smaller than the LPB. Qualitatively, this
behaviour is again explained by the time spent by the ex-
citons in the reservoir as for the detuning dependence in
Fig. 3b. Here, the longer the time spent in the reservoir,
the higher the rotation angle. Some rotation of the val-
ley pseudospin also occurs in the polariton branches, but
the lower exciton component leads to reduced Zeeman
splitting and precession frequencies, and hence a smaller
effect than the rotation which occurs in the reservoir. For
the LPB, positive detuning means better coupling to the
reservoir, and so excitons relax quickly and have shorter
time to rotate their linear polarization before relaxing
into the polariton state. The UPB is populated from the
high energy high k-vector exciton states. Excitons have
rapidly relaxed to these energies, and their polarization
plane has not yet rotated strongly before they experi-
ence fast momentum scattering and populate the reso-
nant UPB states. As the positive detuning is increased,
the UPB states probe excitons with progressively higher
energies, who spend less time in the reservoir, and so po-
larization rotation observed in the UPB states becomes
smaller.
In conclusion, we report the generation and control
of valley coherent populations of exciton-polaritons in
a WSe2 monolayer embedded in a microcavity. Our
phenomenological model together with the experimen-
tal measurements of the polarized polariton luminescence
shed new light on exciton valley dynamics, and confirm
that the exciton LT-splitting, which arises due to the
long-range Coulomb exchange interaction, is the domi-
nant mechanism of exciton dephasing. By utilizing the
strong light-matter coupling regime, we probe the valley
coherence dynamics in the otherwise dark exciton reser-
voir states in a wide range of energies up to 30 meV
above the k = 0 exciton states. This reveals that the
exciton energy relaxation is accompanied with the decay
of their valley coherence, and demonstrates that excitons
with a high degree of valley coherence in the states res-
onant with the high energy upper polariton branch can
be efficiently extracted from the reservoir. Further im-
plications of the interplay between the exciton valley co-
herence and energy-momentum relaxation dynamics are
revealed in the rotation of the linear polarization of po-
lariton luminescence under a Faraday magnetic field. We
show that the fundamentally different exciton relaxation
pathways into the upper and lower polariton branches
result in the ability to fully control the phase rotation of
these robustly coherent states, simply via selection of the
exciton-photon detuning, over a range which has a UPB
related lower bound equal to the bare flake rotation, and
an LPB related upper bound over three times larger.
Our work shows that by incorporating monolayer semi-
conducting TMDs in photonic structures, optical signa-
tures of the excitonic valley coherence can be significantly
modified and further controlled by the exciton and cav-
ity frequency detuning. We anticipate that TMD-based
polaritonic circuit elements may be used for valleytronic
devices exploiting controlled dynamics of the polariton
valley pseudospin as shown in this work. Such valley
polaritonic systems allow for the possibility of extended
spatial propagation in two-dimensional microcavities and
waveguides as well as the potential for response to electric
fields (particularly for trion-polaritons) with low sensitiv-
ity to disorder and, importantly, a strong non-linearity at
high polariton densities.
Sample Preparation
Monolayer sheets of WSe2 were obtained through me-
chanical exfoliation of bulk crystals. A monolayer of
WSe2 was transferred onto the DBR surface using stan-
dard mechanical exfoliation and standard transfer tech-
niques. Bulk crystals were acquired from HQGraphene.
7Optical Measurements
Optical measurements were performed with samples
held in a helium bath cryostat system at a tempera-
ture of 4.2 K. Top and bottom DBRs were attached to
XYZ nanopositioners with additional goniometer stages
allowing tilt control of the bottom DBR. Optical excita-
tion of the bare monolayer was possible by removing the
top DBR from the optical path. All µ-PL experiments
were performed with a continuous-wave (cw) excitation
using a 638 nm laser diode, focused onto the sample with
an achromatic lens. Polarization resolved measurements
were performed using a combination of linear polarizer
and a quarter waveplate in the excitation path, and quar-
ter waveplate, half-wave plate and linear polarizer in the
collection path, allowing linearly and circularly polarized
excitation and detection. PL was collected by focusing
onto a single mode fibre which was guided into a 0.75 m
spectrometer and a high sensitivity charge-coupled de-
vice.
Microcavity
The tunable microcavity with embedded TMD mono-
layer is formed using an external concave mirror to pro-
duce a zero-dimensional tunable cavity [30, 31]. The
formed cavity schematic is shown in Fig. 2a with
the monolayer placed at an electric-field antinode, and
nanopositioners are used to control the cavity spectral
resonance energy. The nominal radius of curvature of
the concave mirror is 20 µm leading to a beam waist on
the planar mirror of around 1 µm [30].
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9SUPPLEMENTARY NOTE 1: THEORETICAL MODEL
To describe the spin dynamics in the presence of various effective and real fields, we describe the exciton reservoir
as a set of states corresponding to different energies E and different propagation directions α. Each state is described
by the population n(E,α) and pseudospin S(E,α). We assume that while the pseudospin distribution may indeed be
different for different angles α, populations are the same: n = n(E). Two extra states describe the lower and upper
polaritons, for which we also define the populations nL/U and the pseudospins SL/U . The pseudospin is normalized
in such a way that its ratio to the number of particles gives a corresponding polarization degree: ρi = Si/n.
The excitons in the reservoir are affected by the spin-orbit coupling, which results in an effective magnetic field
determined by their propagation direction and velocity:
ΩSOC(k) = βk(cos 2α, sin 2α, 0)
T (S1)
where α is the propagation direction and β is the spin-orbit coupling constant.
The rate equations for the populations and the pseudospins of the reservoir states are written as:
d
dtn (E) = P (E)− Γn (E) +
∑
E′ W (E
′ − E)n (E′)
− (W (E − E′) +WL (E) +WU (E))n (E) (S2)
where P (E) describes pumping, Γ is the non-radiative decay and the phonon-assisted scattering rates are given by:
W (E′ − E > 0) = Wph
(
1 + exp
(
E − E′
kBT
))
(S3)
W (E′ − E < 0) = Wph exp
(
E′ − E
kBT
)
(S4)
and the scattering rates towards the polariton branches are given by
WU (E) = WU0δ (E − EU ) (S5)
and
WL (E) = WL0xL exp
(−(E − EL)2
2σ2
)
(S6)
where EL and EU are the energies of the lower and upper polariton modes, xL is the excitonic fraction of the lower
polariton. All these parameters depend on the detuning ∆. Finally, σ is the inhomogeneous broadening of the exciton
line, which allows the excitons to scatter quite efficiently to the lower polariton mode, in spite of the fact that the
latter is quite far. However, this scattering rate strongly decreases at negative detunings. The upper polariton is
described as being resonantly populated from the reservoir mode which has the same energy, as ensured by the Dirac’s
delta function.
The rate equations for the pseudospin take into account not only the scattering between different energies, but also
the rotation of the pseudospin around effective magnetic fields (spin-orbit coupling ΩSOC and Zeeman field ΩZ) and
the scattering between the different propagation directions caused by disorder.
d
dtS (E,α) = P (E) + Ω (E,α)× S (E,α)
+Wd (E) (〈S (E)〉 − S (E,α))
+
∑
E′ W (E
′ − E) S (E′, α)− ΓS (E,α)
− (W (E − E′) +WL (E) +WU (E)) S (E,α)
(S7)
Here, Ω includes both the spin-orbit coupling Ω(k) defined above and the Zeeman splitting ΩZ if the latter is applied.
The disorder-induced scattering Wd couples all states with the same energy E. Its contribution tends to fill a state
with a given direction α by particles having the spin equal to its average value 〈S(E)〉α. The terms with W are
identical to those of the equations for the populations and keep the required normalization of the pseudospin: they
do not affect the polarization degree and they cannot lead to the rotation of a pseudospin.
The rate equations for the populations of the polariton states read:
d
dt
nL/U =
∑
E
WL/U (E)n (E)−
nL/U
τL/U
(S8)
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and for pseudospins:
d
dt
SL/U =
∑
E
WL/U (E) 〈S (E)〉 −
SL/U
τL/U
+ ΩL/U × SL/U (S9)
In our simulations, we have used the following parameters. The spin-orbit coupling constant β = 40 µeV·µm [S1].
The disorder-induced scattering Wd = 10
13 s−1 which determines the spin relaxation in the exciton reservoir together
with the spin-orbit coupling. The value of the Zeeman splitting from the experiment (see Supplementary Figure 3).
The energy relaxation rate Wph = 2 × 1014 s−1 which is a fitting parameter. The scattering rate towards the LPB
WL0, a second fitting parameter, was taken 1× 1014 s−1 . WU0 was taken equal to Wph (the injected particles have
to relax down to LPB and decay from the cavity in less than 1 ps, because the Zeeman splitting corresponds to a
full pseudospin rotation time of about 2.6 ps, and the observed angles are only a fraction of 2pi). The broadening for
the LPB coupling was taken 12 meV by fitting the dependence on the detuning. The photonic SOC for the LPB and
UPB were taken from the previous measurements (T = 15 ps) [S1]. Exciton and photon lifetimes were taken equal to
5.3 and 15 ps [S1].
The results of the simulations are shown in Fig. 5 of the main text.
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SUPPLEMENTARY FIGURE 1: SAMPLE IMAGEOptical ImagePLmonolayer regionmonolayer region 20μm20μm
FIG. S1. Top panel. Microscope image of the monolayer region used in the measurements. Bottom panel. Photolumines-
cence map showing the optically active monolayer region of the flake which is around 20x60 µm2.
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SUPPLEMENTARY FIGURE 2: EXCITON VALLEY POLARIZATION
FIG. S2. Exciton polarization resolved PL under σ+ excitation.
Under circularly polarized excitation at 1.946 eV clear retention of valley polarization is present for the excitonic
species with circular polarization degrees of 30% and 50% for the exciton and trion respectively.
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SUPPLEMENTARY FIGURE 3: EXCITON VALLEY ZEEMAN G-FACTOR
FIG. S3. Valley Zeeman splitting of the neutral exciton as a function of magnetic field. The fit corresponds to a g-factor of 1.7.
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SUPPLEMENTARY FIGURE 4: POLARITON VALLEY POLARIZATION
FIG. S4. Circular polarization degree of the polariton branches under σ+ excitation as a function of exciton-photon detuning.
The circular polarization degree of the polariton branches is plotted as a function of exciton photon detuning,
∆ = Ec − EX0 , where Ec and EX0 are the cavity and exciton energies respectively, in Supplementary Fig.S4. We
attribute the high polarization degree of the UPB to direct scattering of highly polarized high k-vector excitons, which
have not significantly depolarized, and are degenerate with the UPB energy due to the parabolic exciton dispersion as
discussed in detail in [S1] for MoSe2 polaritons. The LPB has a polarization degree maximum when the weakly coupled
mode is in resonance with the trion at around ∆ = −30 meV where the LPB polarization degree is comparable to
that of the bare trion state. At positive detuning the LPB approaches the bare exciton polarization degree of around
30%. As discussed in [S1] the enhancement of the LPB polarization degree when slightly negatively detuned from the
exciton resonance can be explained by taking into account cavity-modified relaxation of excitons, which relax quickly
to the polariton branch before significant depolarization in the reservoir due to the exciton LT-splitting.
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SUPPLEMENTARY FIGURE 5: LPB EMISSION ANGLE
FIG. S5. Emission angle of the LPB under vertical excitation as a function of detuning, at B = 0T .
Fig. S5 shows the emission angle of the LPB under vertical excitation. When between detunings of −10 meV to
+20 meV the linear emission angle of the LPB is 0◦ which is defined by the vertical pump and indicates retention of
injected coherence as discussed in the main text. Below −10 meV the LPB becomes quasi-resonant with the trion
peak which is weakly coupled to the lower exciton-polariton branch. Here the LPB shows some slight rotation in
the emission angle due to the polarization of the bare trion, which has an orthogonal polarization degree of −3%, as
shown in Fig.1b of the main text. This emission angle reaches a maximum when in resonance with the trion at a
detuning of around −30 meV. As such, when measuring the coherent rotation due to the application of a magnetic
field in Fig.4 of the main text, any rotation due to the applied field at detunings more negative than −10 meV are
masked by the coupling of the trion and are not discussed.
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